A new gravitational-wave detector, which is devised based on quantum weak measurement amplification, is introduced and shown has the potential to significantly improve the strain sensitivity of gravitational-wave detection. *
Gravitational waves have been detected by Laser Interferometer Gravitational-Wave Observatory (LIGO) in 2016, opening the era of gravitational-wave astronomy [1] [2] [3] . The further dramatic improvements of strain sensitivity of LIGO will require significant technology development and new facilities [4] . However, the recent rapid development of quantum weak measurement theory, on the other hand, provides us with the opportunity of designing a totally new gravitational-wave detector [5] . The quantum-inspired gravitational-wave detector, which operates based on quantum weak measurements amplification, will be introduced here and shown has the potential to significantly improve the strain sensitivity with only current technologies and facilities.
Quantum weak measurement theory was proposed by Aharonov, Albert, and Vaidman in 1988 [6] and has attracted extensive interests in the last decade for its power in solving quantum paradox, reconstructing quantum states and, especially, amplifying ultra-small signal [7] . The quantum weak measurement theory focus on the situation in which the coupling between the system and the pointer is extremely weak such that almost no information of the system can be obtained.
The operation of post − selection is applied after the weak coupling to pick out system with the definite initial state and the final state. Surprisingly, the signal (e.g., phase) to be measured can be significantly amplified if the post-selection is properly made. The amplified signal can be easily extracted by performing suitable measurement on the pointer after post-selection. The postselection, which is the key of quantum weak measurement, acts like a sifter to sift out the amplified signal, although at the price of low successful probability. and the relative length change of each arm is L = hL/2. The state of photons, after passing through two PMIs, reads
where θ = 2G p G arm k L with G p and G arm are gains of power recycle and Fabry-Perot arm respectively. Note that global phase G p G arm kL is omitted here.
Signal amplification is fulfilled by post-selection of path state of photons, which is realized by only collecting photons from the dark port of the BS2 as shown in Fig. 1 . The post-selected path state of photons is |ϕ = t|u − r|d with t and r are real coefficients of transmission and reflection respectively. The pointer i.e., polarization state of photons, after post-selection, becomes
Since θ 1 in the case of gravitational-wave detection, t − re i·2θ = (t − r)e iγ in the first order approximation, the normalized state of polarization then reads
with tan(γ) = sin(2θ) t/r − cos(2θ) .
If t, r are properly chosen such that t/r = 1 + δ with δ 1, then γ ≈ A · 2θ with A = 1/δ is the factor of amplification. The amplified phase signal can be easily extracted by performing measurement on the basis {|R , |L } with |R = (|H +i|V )/ √ 2 and |L = (|H −i|V )/ √ 2, which is completed via polarizing analyser consists of quarter wave plate (QWP), half wave plate (HWP), polarizing beam splitter (PBS) and two electrophotonic detectors (D1 and D2). The output reads
where I 1 and I 2 are intensities of light detected by D1 and D2 respectively. Once the amplified phase signal 2(γ − θ) is obtained, the gravitational-wave signal can be directly inferred.
The quantum-inspired gravitational-wave detector, which operates based on quantum weak measurements amplification, acts like a hearing aid amplifying phase signal such that gravitationalwave signal can be more easily extracted from the background noise. With the current technologies and facilities, at least two order of magnitude amplification is feasible. In the case of Advanced LIGO, DC readout is applied such that the light intensity from the asymmetric port of Michelson interferometer is
where l is the length difference between two arms and I d represents leaking light intensity because of imperfection of interference. Compare readout Eq. (6) to Eq. (5), it is obvious that the quantum inspired gravitational-wave detector is more robust to technical imperfections.
The ultimate sensitivity of ground-base gravitational-wave detectors is mainly limited by the 
If parameters above are taken according to the case of LIGO, we obtain h min ≈ 10 −25 , which implies improvement of sensitivity with one order of magnitude.
In summary, the quantum-inspired gravitational-wave detector is introduced and shown has potential to improve the strain sensitivity of gravitational-wave detection one order of magnitude further with current technologies and facilities.
